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THE FEATURES AND SIGNIFICANCE OF LAYERING AND
SHEARING WITHIN THE ZONE OF MYLONITIZATION,
NORTHEASTERN IDAHO BATHOLITH
Jon Michael Hermann, M.S.
Western Michigan University, 1982
The northeastern border zone of the Idaho batholith
contains a north-south trending zone of myionitized gneiss,
schist, and granite-granodiorite.

The schist and gneiss

contain plagioclase augen surrounded by crushed and
recrystallized biotite, quartz, feldspar, - muscovite, ^hornblende.

The granite grades upward from porphyritic

rock into augen-bearing mylonitic rocks interlayered with
schist and gneiss.
Layers and shear surfaces dip to the northeast.
Schistosity parallels layer boundaries except in the hinge
zones of isoclines.

Contacts are generally sharp.

Mica

streaks, quartz clusters, and slickenside striae plunge
to the east, but not down dip in the foliation planes.
The layers likely represent magmatic injections into
amphibolite-grade host rocks which were acconpanied or
followed by mylonitization.

These features developed

during the latter stages of evolution of the Bitterroot
gneiss dome, with present structural attitudes being con
trolled by continued non-uniform uplift of tlbe dome after
the mylonitic fabric was superimposed on the granitic
rocks.
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CHAPTER I
INTRODUCTION
General Statement and Purpose
The northern one third of the Bitterroot Mountain
Range (Figure 1) contains -regionally metamorphosed
anorthosite, amphibolite, and mixed gneisses and schists
which have undergone repeated deformation.

The southern

two thirds of the range contains primarily granitic and
granodioritic plutons of the Idaho batholith.

An exten

sive mylonitic zone marks the eastern boundary of the
range.

Eastward dipping mylonitic textures are found

in the northern and central portions of the range.

To

the east of the range is the Bitterroot valley, composed
primarily of Tertiary and Quaternary gravel fill.
Studies done in the northern Bitterroot Range, where
good exposures of metasediments dominate the geology,
have documented a complex thermal and structural history.
•Reconnaissance investigations in canyons to the south have
revealed the presence of macroscopic layering not described
✓

from previous studies of the northern Bitterroot Range.
The purpose of this investigation is to describe in detail
the features and significance of layering in the mylonitic

1
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zone exposed in Chaffin Creek Canyon (Figure 2).

Through

petrographic and structural analysis, it can be shown that
layering resulted from intrusion of magmas along planes of
structural anisotropy which were re-oriented by later
forceful intrusion and non-uniform uplift of the Bitterroot
dome.
Location and Nature of this Study
Chaffin Creek Canyon is located in Ravalli county,
Montana, near the confluence of the East and West Forks of
the Bitterroot River (Figure 1).

It lies approximately

six kilometers south of Darby, Montana.

The study area

includes almost 20 square kilometers within the Trapper
Peak and Burnt Ridge 1\ minute quadrangles.

Sugarloaf

Peak (elevation 2922 meters) lies within the boundaries of
the study area.

Recent glaciation has produced very rug

ged topography enabling excellent three dimensional view
ing of mesoscopic and macroscopic structures.
Field work was conducted during the summer of 1980.
Data were recorded on U.S. Geologic Survey 7\ minute
topographic maps.

Measurements of foliations, mineral

lineations, slickenside striae, and joints were recorded
for structural analysis.

One hundred and twenty-five hand-

specimens (over half of which are oriented) were collected
from which 98 thin sections were prepared.

Twenty-seven

of these sections were point counted (see Appendix A for
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Figure 2.

Looking northeast at the north ridge
of Chaffin Creek Canyon, showing the
presence of macroscopic layering.
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data and Plate 1 for location).
Previous Investigations
Published reconnaissance investigations which include
the study area are Chase (1977), Lindgren (1904), and
Larsen and Schmidt (1958).

Detailed studies describing

the geology of areas in the northern third of the range
include Chase (1973), Ross (1952), Nold (1974), Langton
(1935), Berg (1968), Cheney (1972), Groff (1954), Anderson
(1959), Williams (1974), and Wehernberg (1972).

Locations

of significant geologic investigations used in this report
are shown in Figure 3.
Regional Geologic and Tectonic Setting
The Idaho batholith (Figure 4) is a composite group
of Late Cretaceous to Early Tertiary plutons which is
divided into the Bitterroot lobe and the Atlanta lobe by
the Salmon River arch (Armstrong, 1975).

An inferred sub-

duction zone lies to the west (Hamilton, 1969), the Sevier
orogenic belt to the southeast (Armstrong, 1969), the
Montana disturbed belt to the northeast (Mudge, 1970),
and the Kootenay arc mobile belt to the north (Harrison
and others, 1974).
Country rocks along the northeastern border of the
batholith include quartzofeldspathic gneiss, pelitic
schist, and calc-silicate gneiss with scattered masses and

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Index map showing the location of this
study and pertinant information sources
for the Bitterroot Range, southwest
Montana.
Study area is shaded.
1 = Anderson (1959), 2 = Chase (1973),
3 = Chase (1977), 4 = Greenwood and
Morrison (1973), 5 = Langton (1935),
6 = Nold (1974), 7 = Ross (1952),
8 = Wehrenberg (1972), 9 = Williams
(1975), 10 = Clark (1979). Locations
of specific studies are B = Berg (1968),
C = Cheney (1974).
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boudins of amphibolite and anorthosite (Chase, 1973; see
Figure 5).

At least two phases (and possibly more) of

penetrative deformation preceded magmatic intrusion
(Chase, 1973, 1977; Greenwood and Morrison, 1973).

The

batholithic complex includes plutons of quartz diorite
(subsequently metamorphosed), quartz monzonite, and grano
diorite (Chase, 1973; Nold, 1974).

Structures along the

eastern border of the Bitterroot lobe have been created
and extensively modified during development of the Bitter
root gneiss dome (Figure 6).

This eliptical-shaped uplift,

approximately 4000 square kilometers in area, is bounded
by thrust faults on the north, high-level Tertiary plutons
on the south and west, and a 100 kilometer long mylonite
zone on the eastern flank (Figure 6).

This zone cross

cuts all contacts, including deformed granites to the south
and metasediments to the north (Chase, 1977).

East of the

mylonite zone is the Sapphire tectonic block, an allochthonous 75 by 100 by 10 kilometer thick block of Precambrian Belt, Paleozoic and Mesozoic sediments (Figure 6).
Detailed structural analyses of border-zone metamorphic rocks show a general progression of deformational
styles.

Along the northwestern batholith margin, Greenwood

and Morrison (1973) document isoclinal folding (F^) with
syn-kinematic high temperature and high pressure metamor
phism, refolding of the isoclines (F2 ) with syn-to-post
kinematic low temperature metamorphism, isoclinal to open
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folding (Fg) prior to and during low temperature metamorphism, and upright shear folding (F^) with cataclasis.
Along the northeastern batholith margin, Chase (1973)
notes the same F^ relationships, recognizes F 2 but does not
find evidence for an accompanying syn-to-post kinematic
lower-pressure metamorphism, does not see Fg, and rec
ognizes an F^ where layer transposition accompanying F^
shear folding could have locally obliterated the evidence
for Fg deformation.
Passive intrusion of quartz diorite to granodiorite
magmas of the batholith occurred prior to or during the
last penetrative deformation, as evidenced by a non
folded foliation in resulting quartz diorite orthogneiss
which parallels, axial planes of third generation folds in
quartzofeldspathic gneiss (Chase, 1973).

The estimated

U-Pb age of the quartz diorite orthogneiss ranges from
82 - 10 m.y. (Chase and others, 1978) to 73.5 - 6 m.y.
(Bickford and others, 1981).
K-Ar radiometric dates from the Philipsburg pluton
part

of the Flint Creek Plutons which intrude the eastern

edge

of the Sapphire block, range from 76.7

72.0

- 2.5 m.y. (Hyndman and others, 1972). K-Ar

- 2.5 m.y. to
ages

ranging from 68 to 78 m.y. ago (Tilling andothers, 1968)
have been given for emplacement of the Boulder batholith.
Recent studies of U-Pb systems in zircons of sheared plu
tons within the mylonite zone have shown concordia

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

lower-intercept ages of approximately 50 m.y., indicating
that a significant portion of mylonitization occurred at
or later than this time (Bickford and others, 1981).
Previously it had been thought that voluminous intrusion
during Cretaceous provided the gravitative potential for
sliding of the Sapphire tectonic block to the east,
causing mylonitization.
dome followed.

Development of the Bitterroot

A different model proposed thrusting from

the region of the main batholithic intrusion to form the
primary structural features of the Sapphire block during
— Cretaceous time, followed by Tertiary uplift of the
Bitterroot dome with the zone of mylonitization being
established along the zone of crustal weakness created by
earlier thrusting (Chase and others, m.s.).
High-angle faulting, mylonitization, retrograde
metamorphism, and minor intrusion along the eastern flank
of the Bitterroot dome had been associated with the last
stage of domal uplift (Chase and others, m.s.).
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CHAPTER II
PETROGRAPHIC DESCRIPTIONS
A majority of the study area contains foliated granodioritic rocks of the Idaho batholith.

Toward the core

of the igneous complex, these rocks exhibit prominent
textural changes (Figure 7, a-c).

The strong gneissic and

•locally schistose character in the eastern, structurally
higher, rocks in the map area changes into a faintly
gneissic character westward.

For this reason, the

geologic map (Plate 1) is divided into the non-mylonitic
interior, the zone of weak mylonitization, and the zone of
strong mylonitization.

The boundaries shown were arbitrar

ily chosen based on textural observation only.

The bound

ary between the non-mylonitic interior and the zone of
weak mylonitization was chosen on the basis of the first
appearance of mesoscopic shear planes with a lineation
developed in the shear planes.

The boundary between the

zone of weak mylonitization and strong mylonitization was
chosen on the basis of the first appearance of layers of
blastomylonite/ultramylonite.

As shown on Plate 1, these

contacts cut across lithologic contacts at approximately a
25 degree angle.

This same relationship was noted on the

microscopic and mesoscopic scales as well.

13
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Figure 7a.

Figures 7a-7c are a series of photo
micrographs showing the textural
changes encountered in Chaffin Creek
Canyon. An example of the nonmylonitic interior (sample 261A,
crossed nichols) is shown above.
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/

Figure 7b.

Photomicrograph of sample 221A,
from the zone of weak mylonitiza
tion (crossed nichols).
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Figure 7c.

Photomicrograph of sample 52C,
from the zone of strong
mylonitization (plane light).
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Compositional contacts between layers of biotite
schist, quartzofeldspathic orthogneiss, and granitoid
rocks are present throughout the study area.

Textural

contacts between these rocks and sheared equivalents are
present throughout the mylonite zone.- Xenoliths of
biotite schist with sharp contacts are frequently present
in the non-mylonitic portions of the study aiea.

Appendix

A lists modal analyses, and Plate 1 shows the locations of
these samples.
Non-mylonitic Interior
Granitoid rocks of the Idaho batholith sflominate the
study area.

Pluton compositions vary from quartz mon•»

zonite to quartz diorite (Chase, 1973).

Those of Chaffin

Creek Canyon lie in the granite, granodiorite, and
tohalite fields specified by the I.U.G.S. classification
system (Streckeisen, 1973).
A hypidiomorphic texture in the granites is common
although granulated zones and sub-parallel Motite and
muscovite flakes give a weakly foliated appearance to the
rocks (Figure 7a).

Large potassium feldspar megacrysts are

poikilitic, containing inclusions of quartz, plagioclase,
and biotite.

Locally, the poikilitic megacrgpsts give the

rock a porphyritic texture.

The plagioclase is of

oligoclase-andesine composition and shows weak to strong
normal and reverse zoning, albite, Carlsbad, albite-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Carlsbad and albite-pericline twinning, minor sericite and
local epidote alteration.

Peripheral grains of mymekitic

plagioclase border potassium feldspar megacrysts.

Flakes

of biotite and muscovite are interstitial to, or included
in, the feldspars.

Biotite frequently alters to chlorite,

and contains inclusions of apatite and zircon.

Quartz

occurs as fractured, slightly to moderately undulose,
interstitial grains.

Minor amounts of sphene, magnetite,

and rutile are also present.
Zone of Weak Mylonitization
Rocks of the non-mylonitic interior and the zone of
weak mylonitization are nearly identical with respect to
composition and mineralogy (Appendix A).

The distinction

between the units is based on differences in fabric
observed on both the mesoscopic and microscopic scales.
Rocks of the zone of weak mylonitization show a weakly
layered appearance caused by the development of shear
planes.

In thin section, discontinuous layers of biotite

or quartz/feldspar are seen along with microscopic shear
planes.

The boundary between the non-mylonitic interior

and the zone of weak mylonitization was chosen on the
basis of the first appearance of this 'layered* texture
when traversing from the igneous complex to the mylonite
zone.
A gneissic texture is present where granulated
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feldspar crystals and sutured quartz lenses wrap around
feldspar augen.

Augen of plagioclase (locally zoned) and

poikilitic potassium feldspar are dimensionally elongated
parallel to a weak foliation formed by the alignment of
interstitial biotite and muscovite.

Discontinuous micro

scopic layers of biotite are formed by sub-parallel align
ment of cleavage flakes within strung-out clusters.
Lenses of sutured, undulose quartz crystals are widely
distributed throughout this unit.

Quartz also occurs as

undulose grains and inclusions within feldspar crystals.
Mymekitic plagioclase is also present adjacent to potas
sium feldspar megacrysts (Figure 8).

Mymekitic grains

generally occur with a rounded grain shape, and show no
effects of shearing.

Locally, growth of mymekitic pla

gioclase with rounded grain borders occur along shear
planes.
Zone of Strong Mylonitization
The zone of strong mylonitization has been described
as the border zone gneiss by Ross (1952) and the frontal
zone gneiss by Anderson (1959), Groff (1954), and
Wehrenberg (1972).

Rocks in this zone are compositionally

similar to those of the non-mylonitic interior.

Textural

details such as potassium feldspar megacrysts and mymekiti
plagioclase adjacent to potassium feldspar suggest that
the mylonitic deformation has not destroyed all textures
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Figure 8.

Mymekitic plagioclase adjacent to
poikilitic potassium feldspar from
sample 212A in the zone of weak
mylonitization (crossed nichols).
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characteristic of the non-mylonitic rocks.

However,

mylonitic deformation has extensively modified the
hypidiomorphic textures characteristic of batholithic
rocks.

Crush layers containing sub-parallel flakes of

biotite give the unit a foliated appearance.

In thin

section, the sheared layers are composed of fine-grained
-biotite, partially recrystallized quartz, and feldspar
which form sub-parallel, undulating surfaces.

These sur

faces commonly wrap around lenticular, fractured augen of
heavily altered plagioclase and poikilitic potassium
feldspar.

Sub-parallel, granulated, heavily chloritized

biotite and muscovite accentuates the foliation.
Extremely mylonitized rocks contain continuous layers of
partially recrystallized biotite or elongate, sutured
quartz with normal extinction.

Lenses or ribbons of

quartz also wrap around feldspar augen.

Locally these

lenses form tails behind feldspar augen.
occurs as inclusions within the augen.

Quartz also
A weak lineation

is defined by the alignment of augen, quartz lenses, and
mica streaks.
Discontinuous, randomly distributed layers of
mylonitic rocks of the series blastomylonite-mylonitic
✓

gneiss and protomylonite-ultramylonite are also prominent
in the zone of strong mylonitization.

Higgins (1971)

defined these two main categories of cataclastic rocks
on the presence of fluxion structure and whether
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cataclasis (destructive processes) was or was not dominant
over neomineralization-recrystallization (constructive
processes) in their formation.

Fluxion structure is

defined by Higgins (1971) as a cataclastically produced
directed penetrative texture or structure commonly involv
ing a set of S-surfaces.

It may be visible mesoscopically

or only microscopically, and does not necessarily involve
compositional layering or lamination.

Figure 9 illus

trates mesoscopic fluxion structure in the study area.
Microscopic fluxion structure is shown in Figure 7c.
Blastomylonites and mylonitic schists display a dark
color caused by the extreme fine-grained nature of their
matrix, thus adding to the visual effect of layering in
the eastern sectors of the study area.

In outcrop,

cataclastic features include fluxion structure, feldspar
augen, quartz-mica streaks, and slickenside striae.
Microscopically, crush layers are seen to be composed of
partially recrystallized undulose quartz, feldspars,
biotite, and traces of muscovite that wrap around lentic
ular augen of plagioclase and potassium feldspar.
Quartzofeldspathic Orthogneiss
The quartzofeldspathic orthogneiss appears as thick,
continuous layers which are most commonly located in the
central portion of the study area.
ent in the eastern sector was noted.

One thick layer pres
These layers can be
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Figure 9.

Mesoscopic fluxion structure
near location 52C.
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traced along strike for hundreds of meters and are up to
tens of meters thick.

Biotite commonly occurs in clusters

which wrap around feldspars, and parallel cleavage flakes
define a weak schistosity.

Fine to medium-grained pla

gioclase, with andesine composition, shows weak normal and
oscillatory zoning (Figure 10) albite and albite-Carlsbad
twinning, highly sutured grain boundaries, and moderate
sericitic alteration.

Minor amounts of interstitial

mymekitic plagioclase are present.

Clusters of biotite,

containing inclusions of apatite and zircon, are fre
quently altered to chlorite.

Medium to coarse-grained,

elongate, anhedral quartz parallels the schistosity.
amounts of muscovite are also present.

Trace

Conspicuous about

this unit is the locally significant amount (to 24 percent)
of hornblende-rich layers.

The layers are distributed

throughout this unit, with distances between layers ranging
from 5 centimeters to 5 millimeters.

Also characteristic

of this unit is the deficiency of potassium feldspar.
Biotite Schist
The biotite schist is frequently observed at higher
elevations in the eastern sector of the canyon.

It occurs

primarily in thin, continuous layers or elongate, con
cordant xenoliths.

Some layers are tens of meters long

and up to ten meters thick.

This unit locally contains

distinct alternating biotite-rich and quartz/feldspar-rich
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Figure 10.

Zoned plagioclase with granulated
grain boundaries in quartzofeld
spathic orthogneiss (sample 112F)
from the zone of weak mylonitiza
tion. Fuzziness of matrix is due to
the high amount of recrystallization/
neomineralization (crossed nichols).
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layers up to ten centimeters thick.

Plagioclase, quartz,

alkali feldspar and biotite dominate,, with minor amounts
of opaque minerals, sphene, apatite, and zircon present
also.

Biotite content varies from 10 to 45 percent (Fig

ure 11).

Plagioclase, of oligoclase-andesine composition,

shows indistinct zoning with albite, albite-Carlsbad,
albite-pericline, and pericline twinning.
gioclase is present also.

Mymekitic pla

A strong schistosity is provided

by sub-parallel mica flakes, occasional hornblende prisms,
and quartz clusters.

Biotite grains do not always appear

sheared, but frequently show alteration to chlorite.
Fine, anhedral quartz is commonly present with sutured
grain boundaries; rods containing clusters of polygonal
%

quartz are common.
Contact Relationships
Lithologic contacts within the study area are gen
erally sharp and distinct (even on the microscopic scale),
while foliations generally parallel lithologic contacts.
Axial plane foliation in the orthogneissic unit is sub
parallel to the schistosity of the biotite schist unit
(Figure 12).

Exceptions occur at the limbs of isoclinal
✓

folds where the axial plane foliation truncates litho
logic contacts, and at occasional granitoid dikes where
shear planes are observed to cut across the sheared
orthogneiss/granite contact (Figure 13).

In both cases
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Figure 11.

Photomicrograph of biotite schist
(sample 102B) from the zone of weak
mylonitization (plane light).
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Figure 12.

Axial plane foliation (apf) of the
quartzofeldspathic orthogneiss (qo),
defined by the elongate feldspar
augen (f), is parallel to the schis
tosity of the biotite schist (s),
as well as to the contact between
them (c). Picture is taken near
location 112F.
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Figure 13.

Polished slab of sample from near
location 182A showing shear planes
cutting across the sheared ortho
gneiss/granitic dike contact.
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the contacts are sharp.
Xenoliths of biotite schist are sharply bounded by
granodioritic material.

Xenoliths containing transposed

layers of granodiorite are also found (Figure 14).

All

contacts are sharp and distinct.
Layers of biotite schist or quartzofeldspathic
orthogneiss surrounded by granodiorite generally have dis
tinct contacts.

The (001)' cleavage of biotite flakes in

biotite schist and quartzofeldspathic orthogneiss are sub
parallel to the contact with sheared granodiorite (Figure
15).

Mineralogical changes occurring at lithologic con

tacts include:
1)

an increase in biotite content within biotite
schist layers in contact with granodiorite
(Figure 16).

2)

a corresponding decrease of quartz and feld
spar content in biotite schist layers near
granodiorite contacts.

3)

an increase in biotite grain size within
biotite schist layers in contact with
granodiorite (Figure 16).

4)

an increase in sphene content in biotite
schist layers near granodiorite contacts.

5)

a slight decrease in anorthite content of
plagioclase in granodioritic rocks near the
contacts with biotite schist.

6)

an increase in opaque mineral concentration
in all units near contacts (Figure 16).

Indistinctly zoned plagioclase is sometimes present in
biotite schist layers near contacts with granodiorite.
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Figure 14.

Biotite schist xenolith near loca
tion 254B containing transposed
layers of granodiorite. Contacts
are sharp and distinct. Field of
view is 7 meters.
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Figure 15.

Photomicrograph of contact between
sheared biotite schist and grano
diorite showing the (001) cleavage
direction of biotite flakes in
both units sub-parallel to the
contact (sample 92A plane light).
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Mineralogic changes near lithologic
contacts between sheared granodiorite
and biotite schist.
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CHAPTER III
IGNEOUS HISTORY OF THE
BITTERROOT DOME
The history of magmatic intrusion has been studied
in various localities along the entire length of the east
ern flank of the Bitterroot dome (Chase, 1973, 1977; Nold,
1974; Clark, 1979).

Detailed field investigations from

canyons near the northeastern border of the batholith have
documented a magmatic emplacement sequence of an early
quartz diorite on the periphery, medium-grained granodiorite and quartz monzonite of the main intrusion, and
a later porphyritic granite with large potassium feldspar
megacrysts (Chase and others, 1978).

U-Pb isotopic stud

ies of zircons within these rocks have yielded lower
intercept ages ranging from 73.5 - 6 m.y. for a foliated
quartz diorite to 46.0 - 1 m.y. for a feldspar megacryst
granite (Bickford and others, 1981).
In the study area, inclusions and xenoliths of biotite
schist are present within the batholithic complex (see
Figure 14).

Granite dikes and pegmatite veins display

sharp contacts with mylonitic orthogneiss hosts (Figure
13).

Plagioclase in both granite and orthogneiss layers

display normal, reverse, and oscillatory zoning (Figure
10).

Xenoliths of biotite schist are sharply bounded on
35
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all sides by granitic material.
Continuous layers of quartzofeldspathic orthogneiss
are conspicuous in the zone of weak mylonitization and in
the non-mylonitic interior.

Clark (1979) postulated three

possible origins of the orthogneiss which he mapped:

1)

the unit is a block of faulted pre-Belt basement, 2) the
orthogneiss is an early intrusive phase of tihie Idaho batholith which has remained essentially in place, or 3) the
orthogneiss is a detached segment of a similar body
located to the west which became foliated as it was trans
posed eastward during mylonitization.
As previously mentioned, the significant amount of
hornblende and lack of potassium feldspar in this unit is
characteristic.

Early crystal separation ani filter press

ing could account for this fact.

The presence of horn

blende on the borders of calc-silicate xenoliths has been
noted from localities near the contact zone along the
northeastern border of the Idaho batholith and thought to
be due to reaction with magmas (Chase, 1973).

Addition of

Ca, Mg, and A1 to quartz diorite magma could also lead to
the development of biotite and andesine at tltoe expense of
alkali feldspar.

The hornblende within the quartzofeld

spathic orthogneiss could represent contamination of
quartz diorite magmas with calc-silicate bodies.
Thick continuous layers of medium-grained hypidiomorphic granular granodiorite formed by magmatic intrusion
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into the orthogneiss/metasedimentary strata.

Quite likely

intrusion during this magmatic phase was more forceful,
resulting in the re-orientation of structural planes to a
more nearly horizontal orientation during outward mush
rooming of the plutons (Chase, 1977).
One small porphyritic granite dike with potassium
feldspar megacryst projects through a medium-grained,
moderately foliated granodiorite in the non-mylonitic
zone.

A compositionally similar layer is present in the

zone of weak mylonitization.

This unit most likely rep

resents the latest stage of intrusion in the study area.
It is thought to correspond with a megacryst-bearing,
poikilitic, potassium feldspar granite dated at 46 - 1
s

m.y. by Bickford and others (1981).
Concentrically oriented inclusions in potassium feld
spar can be formed by both magmatic processes, and solidstate mechanisms (Pitcher and Berger, 1972, p. 332).
Inclusions are represented by every major numeral and
several accessory minerals in the matrix.

Potassium feld

spar (being the last major mineral to crystallize) could
have been remobilized in areas of pronounced pegmatite
activity during the final stages of magma consolidation,
or later, and thus could replace earlier formed matrix
minerals.

Additional subsolidus adjustments include the

metasomatic development of mymekitic plagioclase in plagioclase adjacent to potassium feldspar interfaces
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(Chase, 1973).

Megacrysts of potassium feldspar and pla-

gioclase are also found in the mylonitic rocks.
It is thought that granitoid sheets were intruded
along structural planes over a period of almost 30 m.y.
(Chase, 1977).

During periods of intrusion, contact

metamorphism most likely was active.

Contact metamor

phism may have produced the microscopic mineralogical
changes near schist/granodiorite contacts.

Initial

intrusion was controlled by structural planes which were
re-oriented by later uplift of the Bitterroot dome.
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CHAPTER IV
METAMORPHIC HISTORY
To the northeast of the Idaho batholith* sillimanitegrade regional metamorphism occurs in association with
isoclinal folding, anatectic production of pegmatite
veins, _and emplacement of quartz diorite ortliogneiss
(Chase, 1973).

Crystallization ages of quartz diorite

from locations around the northeastern rim of the batholith range from 82 - 10 m.y. (Chase and others, 1978) to
73.5 - 6 m.y. ago (Bickford and others, 19818.

Amphib-

olite-grade regional metamorphic conditions have been doc•»

umented along the entire eastern flank of the Bitterroot
dome (Chase, 1973; Nold, 1974; Clark, 1979).

Eight kil

ometers north of the study area, in the Sapphire tectonic
block, regional metamorphism includes the development of
a penetrative regional schistosity parallel to the lithologic layers in Belt metasediments (Clark, 1979).
In the study area, the presence of hornblende with
granulated grain boundaries, oligoclase, and small garnet
inclusions in some biotite flakes is indicative of amphibolite-grade regional metamorphic conditions..

Temperature

and pressure conditions can be broadly interpreted based
on experimentally established univariant stability curves.

39

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

40
Appropriate univariant curves, given in Figure 17, are:
1)

muscovite + quartz = potassium feldspar + ’
Al2Si05 + H20 (Weill, 1965).

2)

melting of H20 - saturated granodiorite
(Piwinskii, 1968).

3)

zoisite + albite + quartz + sillimanite =
plagioclase + vapor (Crawford, 1966).

4)

chlorite + actinolite + epidote + quartz =
hornblende (Winkler, 1965, p. 83).

Given these reaction boundaries, metamorphic temperatures
of 500° - 675°C and a
predicted.

q

between 2 and 8 kilobar can be

Chase (1977) predicted metamorphic conditions

prior to initial intrusion of quartz diorite magmas as
high as sillimanite-orthoclase grade.
A radiometric dat£ of 65.2 - 3 m.y. for a biotite
schist inclusion from the northeastern border of the batholith is thought to indicate thermal metamorphism at this
time (Bickford and others, 1981).

Microscopic mineralog-

ical changes in biotite schist layers near contacts with
granodiorite include an increase in biotite* sphene, and
opaque mineral concentration and an increase in biotite
grain size.

In granodiorite layers an increase in opaque

mineral concentration and a decrease in anorthite content
of plagioclase occurs.

These mineralogical changes

indicate that thermal metamorphism was active throughout
the study area.
Development of the mylonite zone occurred at or more
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Figure 17.

P„

q - T diagram for regional metamor2
phic event, shaded area outlines
probable stability field for mineral
assemblages in the study area.
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recently than 50 m.y. ago, and this event evidently post
dates the regional metamorphism (Chase and others, m.s.).
Microscopic evidence, including the general lack of polyg
onal grain boundaries, pervasive undulose extinction in
quartz and feldspar, shredded mica flakes, and granulated
hornblende prisms (both of which retain excellent pre
ferred orientation) would indicate the rocks of the study
area have not been regionally recrystallized since
mylonitization.

Chase (1977) estimates conditions of

mylonitization to be of similar temperature but lower
pressure than those during initial intrusion.
Retrograde metamorphic effects are recognized by the
replacement of amphibolite-grade mineral assemblages by
those assemblages more stable under lower pressuretemperature conditions.

Prominent features of retrograde

metamorphism include the slight alteration of plagioclase
to saussurite or sericite in all rocks, the partial
replacement of biotite and hornblende by chlorite in the
quartzofeldspathic orthogneiss, and the partial to total
replacement of biotite by chlorite in the biotite schist.
These characteristics are more prominent toward the core
of the intrusion.

Layers of chloritized, sheared grano-

diorites are also found throughout the mylonite zone.
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CHAPTER V
PENETRATIVE STRUCTURAL FEATURES
Planar Structures
Penetrative planar structures include axial plane
schistosity, shear planes, fluxion structure, and axial
planes of closely-spaced folds.
The prominent axial plane schistosity is typically
composed of dimensionally elongate feldspar augen (and
hornblende augen in orthognessic units) enveloped by
quartz stringers, crushed feldspar, and flakes of biotite
and muscovite.

This foliation is generally parallel to

all sub-horizontal planar structures (Figure 18).

Excep

tions occur in outcrops of the western one-third of the
study area where a faint schistosity dips eastward at
varying angles from 0 to 90 degrees, and on the limbs of
isoclinal folds where the schistosity cuts across lithologic contacts at a low angle (Figure 19).

Undulating

shear planes containing slickenside striae and quartz-mica
streaks are located at contacts as well as within homoge✓

neous rock units.

They are commonly separated by dis

tances of a few meters.
Fluxion structure, as”defined by Higgins (1971), is a

43
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Figure 18.

Equal-area projection of 88 poles
to foliations.
Contours are 36%,
24%, 127o, 1%. per 1% area.

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

45

Figure 19.

Photomicrograph of limb of an
isoclinal fold showing the schis
tosity (s) between biotite schist
and granodiorite.
Note the high
percentage of opaque minerals
present and the well-defined con
tact (sample 101B, plane light).
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cataclastically produced penetrative texture or structure
commonly involving a set of S-surfaces.

It does not

necessarily involve compositional layering or lamination,
although many mylonite zones do show layering.

Fluxion

structure is the textural expression left by differen
tially moving fine planar masses of comminuted material
developed and propelled by shearing.

These masses or

layers flow around obstructions in a manner similar to a
highly viscous siliceous lava flowing around phenocrysts
and inclusions.

Just as microlites in the lava tend to

concentrate between laminar flow layers or within certain
thin layers, the micaceous minerals tend to concentrate
between laminar flow layers of the cataclastic matrix,
thus defining these layers (Figure 7c).

Shear surfaces

with closely-spaced slickenside striae are found through
out the mylonite zone.
Non-penetrative Structures
Non-penetrative structures include joints, lithologic
layering, local granitic stringers, and one high-angle
normal fault.

Three sets of high-angle joints are pres

ent (Figure 20).

Lithologic contacts are recognized on

the basis of alternating concentrations of biotite and
quartz/feldspar.

Granitic apophyses locally cut across

the foliation at a low angle (Figure 13), and are found
in the non-mylonitic interior and the zone of weak
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Figure 20.

Equal-area projection of 125 poles
to joints. Contour interval is 77o,
5°/o, 37o, 1% per 1% area.
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mylonitization.

One vertical fault strikes to the north

west across the eastern half of the study area.

Devel

opment of isolated, layered mylonitic rocks has occurred,
possibly caused by differing degrees of mylonitization.
Penetrative Linear Structures
A prominent lineation defined by quartz-mica streaks,
closely-spaced slickenside striae parallel to the streaks,
and elongate hornblende augen, is present throughout the
mylonitic zone.

Slickenside striae are commonly separated

by distances of less than 5 centimeters.

Fold hinges tend

to be sub-parallel to the lineation (Figure 21).

The

lineation plunges dominantly to the east-southeast and
locally to the west-northwest (Figure 21).

Comparison of

Figure 21 with Figure 18 shows that the lineation does not
plunge down the dip of the foliation.

The significance of

this fact will be discussed in the structural history
section to follow.
Mesoscopic Folds
Similar-style, recumbent, isoclinal folds with axes
plunging gently to the east-southeast are present in the
zone of weak mylonitization and in the non-mylonitic
interior.

Examples of folds found in the study area are

shown in Figures 22 and 23.

They are observed only on

north-south oriented outcrops where their limbs can
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Figure 21.

Equal area projection of 67 min
eral lineations and slickenside
striae. Contour interval is 10%,
7%, 4%, 17,, per 1% area. Also
shown are five fold hinges 1+)
from the zone of weak mylonitiza✓ tion and the non-mylonitic inte
rior.
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b)

— 2 meters —

l meter —
Location' 221A

Location 80Q

i

H meter
Location 112F

Figure 22.

1— 10 meters —
Location 247A

Examples of folds.
(qo = quartzofeldspathic orthogneiss, bs = biotite
schist, sg = sheared granodiorite)
a, b, d, are profile views, while
c, is an oblique view.
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Figure 23.

Isoclinal fold in interlayered biotite
schist and orthogneiss with schis
tosity continuous across layers.
Schistosity is nearly horizontal.
Located near sample 212B. Field of
view is 5 meters.
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frequently be traced to east-west oriented outcrops as
continuous lithologic layers (Figure 24).
tude to wavelength ratios are common:

Large ampli

amplitudes range

from 5 meters to more than 30 meters, wavelengths are
commonly less than 3 meters.

Locally, rootless intra-

folial folds consisting of biotite schist are present.
These folds quite possibly formed by shearing of pre
viously developed isoclines.
In the hinge zones of the isoclines, biotite schist
layer thicknesses increase where axial plane schistosity
cuts across lithologic contacts.

Transposition of layer

ing is present in a large isocline located in the struc
turally lower, western portion of the study area.

On the

limbs of this fold the axial plane foliation is generally
sub-parallel to the contacts.
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Figure 24.

Schematic diagram showing the orientation of
folding and its relationship to layering and
nature of exposure along joint suirfaces
(my = mylonitic rocks, bs = biotite schist,
sg = sheared granodiorite, ml = mineral
lineation).
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CHAPTER VI
STRUCTURAL HISTORY
Previous investigations of the northern Bitterroot
dome have revealed a complex folding sequence prior to
intrusion of the Idaho batholith (Chase, 1973; Nold,
1974).

Documentation of an equally complex structural

history in Chaffin Creek Canyon is difficult.

This inves

tigation concentrates on the later stages of deformation,
^principally intrusion of the Idaho batholith, development
of the mylonite zone, and formation of the Bitterroot
dome.
Folding occurred prior to or during intrusion, as
evidenced by the non-folded foliation of orthogneissic
rocks paralleling axial planes of isoclines in biotite
schist.

Metamorphic conditions were of amphilbol it e-grade,

as indicated by the presence of hornblende in ortho
gneisses, small garnet inclusions in some biotite flakes,
and oligoclase to andesine in all rocks.

Chase (1973)

notes non-folded foliation in a quartz diorite orthogneiss
paralleling axial planes of third generation folds in the
quartzofeldspathic paragneiss.

Early, passive intrusion

along structurally anisotropic planes is indicated by the
predominance of concordant lithologic contacts.

Chase
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(1977) suggested that a series of sill-like sheets were
injected along planes of weakness created by earlier
polyphase deformation.

Clark (1979) states that eastward

movement of the Sapphire block may have rotated these
sheets to a more nearly horizontal orientation..
Later voluminous intrusion continued upward and east
ward, likely re-orienting the marginal sills of granitic
material.

Emplacement was more forceful and accompanied

by penetrative deformation of plutons, as evidenced by
nearly vertical to nearly horizontal foliations in granodioritic plutons on the western edge of the study area.
Chase (1977) noted a similar deformation sequence and
presented evidence that this period was of similar tem
perature but slightly lower pressure conditions than that
of initial intrusion.
The orientation of the layering likely controlled the
development of the shear planes.

Microscopic textures

which developed where cat'aclasis dominated over recrys
tallization/neomineralization and recrystallization/neo
mineralization dominated over cataclasis indicates that
either 1) the rate and/or intensity of mylonitization
varied, 2) the fluid content of the rock varied, or 3)
the degrees of repeated mylonitization varied.

Thus,

although both blastomylonite-mylonite gneiss and ultramylonite-protomylonite were being produced under the same
conditions of temperature, confining pressure, fluid
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pressure, and the same chemical conditions, rocks with
cataclasis dominant over recrystallization/neomineraliza
tion were formed in sub-zones of more intense mylonitiza
tion, at a faster rate of shearing, or both (see Higgins,
1971, p. 58).

Quite possibly, the zones of most intense,

or greatest rate of shearing shifted from time to time.
The lineation in mylonitic rocks generally plunges
down the dip of the foliation (for example, see Knil'l,
1960; Christie, 1963; Hatcher, 1977; or Waters and
Krauskopf, 1941).

The northeast-dipping foliation and

southeast-plunging lineation likely indicate that the
later stages of uplift of the Bitterroot dome did not
coincide with mylonitization.
shearing.

Some doming post-dates the

Turner and Weiss (1963) state that development

of a lineation defined by preferred orientation of pris
matic or tabular crystals may be synchronous with or later
than the foliation in which it lies.

Structural studies

done in the zone of mylonitization suggest a down-dip
normal (to the east) movement picture (Chase, 1977).
Therefore, it seems most likely that the north-northwest
plunging lineation and the northeast-dipping foliation
(including shear planes and fluxion structure) are the
result of some vertical rise of the Bitterroot dome after
formation of the mylonite zone.

Chase and others (m.s.)

present a model of thrusting during Late Cretaceous time
followed by Tertiary uplift of the Bitterroot dome, with
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the zone of mylonitization being established along the
zone of crustal weakness created by earlier shearing.
Conclusions drawn above would support such a model.
High-angle faulting along the western edge of the Bitter
root Valley may result from late-stage vertical rise of
the dome.
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CHAPTER VII
GEOLOGIC HISTORY
Passive intrusion of batholithio magmas along planes
of anisotropy in amphibolite-grade regional metamorphic
rocks created a layered sequence of igneous and metasedimentary units.

Later, intrusion may have re-oriented

these strata, with subsequent development of an extensive
mylonite zone.

Attitudes of shear planes were controlled

by the previously developed structural surfaces and sill
like granitic layers.

Rise of the Bitterroot dome likely

followed or accompanied mylonitization.
•
»

Passive intrusion of granitic magmas is responsible
for the predominant number of parallel and concordant con
tacts in the mylonitic zones of the study area.

East-

plunging isoclinal folds with biotite schist interlayered
with sheared granitic rocks and with an axial plane schis
tosity continuous across contacts indicates that penetra
tive deformation occurred during or after early intrusion.
Clark (1979) states that regional metamorphism
includes the development of a penetrative regional schis
tosity parallel to lithologic layers in Belt metasediments
and axial planes of folded isoclines in the metasedimentary material.

Similar relationships were also reported

58
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by Chase (1977) in the pelitic and quartzofeldspathic
rocks near the base of the mylonite zone.

Clark (1979)

notes east-west nearly horizontal folds, similar to those
in Chaffin Creek Canyon.
Chase (1973), noting contrasting structural features
between paragneissic and orthogneissic units, reports that
intrusion of quartz diorite magma occurred after a second
penetrative deformation and slightly prior to or during a
third.

Bickford and others (1981) estimate the U-Pb age

of zircons in a quartz diorite orthogneiss to be 73.5 - 6
m.y.

The granodiorite-quartz monzonite of the main bath

olith was emplaced after the cessation of penetrative
deformation as evidenced by the lack of foliation continuous with axial planes of folds in the contact zone
(Chase, 1973).

Lower-intercept U-Pb age of zircon in

plutons of the main batholith range from 55 - 1.4 m.y.
to 46 - 1.0 m.y. (Bickford and others, 1981).
Chase and others (m.s.) report zircon lower-intercept
ages from three sheared plutons in the mylonite zone
ranging from 5 2 - 1 m.y. to 48 - 1 m.y.

They propose

that a period of Tertiary uplift and development of the
Bitterroot dome caused much of the mylonitization.

The

mylonite zone formed along a zone of previous shearing.
If mylonitization developed during doming, structures
formed during mylonitization (fluxion structure, shear
planes, mineral lineations, and slickenside striae) could
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be re-oriented during the final uplift of the dome.

The

relationships of lineations not plunging down dip in- the
foliation planes, the northeast-dipping orientation of
fluxion structure and shear planes, and the west-northwest plunging orientation of lineations result from later
rise of the Bitterroot dome.

Late stage effects of

vertical rise may be retrograde metamorphism and highangle faulting (Chase and others, m.s.).
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CHAPTER VIII
STRUCTURAL INTERPRETATIONS
With the presence of granitic dikes in the zone of
weak mylonitization and in the non-mylonitic interior,
the predominance of parallel and concordant Mthologic
contacts in the zones of weak and strong myLonitization,
and the presence of a penetrative regional schistosity
parallel to lithologic layers in nearby metasedimentary
host rocks (Clark, 1979), it seems likely that the
granite-gneiss-schist layering in Chaffin Creek Canyon
is related to passive intrusion of batholithic magmas
s

along planes of structural anisotropy.

The (orientation

of shear planes have most likely been controlled by the
orientation of layering and pre-existing schistosity.
Mylonitic deformation has aided the visual effect of
layering by creating discontinuous layers of dark
mylonitic rock.

Country rocks not drastically modified

by intrusion were "smeared out" by ensuing mylonitization,
leaving only local layers and xenoliths of metasedimentary material and sub-parallel dike contacts as survivors
of layer transposition.
The local anastomosing foliation in the mylonite
zone is due to the inhomogeneous distribution of strain

61
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during shearing.

(See Bell, 1981 for a discussion of

anastomosing foliations.)

Sinuous contacts between units

in mylonitic portions of the study area result from
lithologic differences which produce frictional differ
ences and uneven movements.

Continued movements give

rise to alternating areas of relative tension and compres
sion (Higgins, 1971).
Brittle processes (evidenced by shear planes, frac
tures through grains, and granulated grain boundaries) and
ductile processes (evidenced by fluxion structure and
twinning) were active during mylonitization.

Turner and

Weiss (1963, p. 292) state that faults characteristic of
the brittle-ductile transition tend to be slickensided or
have mylonitized zones.

Intuitively, rocks located struc

turally deeper (to the west) would have been subjected to
conditions of higher temperature and hydrostatic pressure
than those located at higher structural elevations.
Therefore, more ductile conditions were present in the
structural lower, western portions of the study area than
in the structurally higher, eastern portions.
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CHAPTER IX
CONCLUSIONS
The northeastern border zone of the Idaho batholith
contains a north-south trending mylonite zone consisting
locally of alternating biotite schist, quartzofeldspathic
orthogneiss, and granite-granodiorite.

Thin, continuous

biotite schist layers contain distinct alternating biotite
and quartz/feldspar rich layers up to 10 centimeters
thick.

Indistinctly zoned plagioclase is found near con

tacts with granodiorite.

Layers of quartzofeldspathic

orthogneiss contain predominantly plagioclase, quartz,
biotite, and hornblende.
in this unit.

Potassium feldspar is deficient

Hypidiomorphic-granular granite-grano-.

diorite is somewhat porphyritic below the shear zone, and
grades upward into augen-bearing blastomylonite-mylonitic
gneiss and ultamylonite-protomylonite interlayered with
schist and gneiss.
Lithologic contacts, schistosity, axial planes, of
intrafolial folds, shear planes, and fluxion structures
dip to the northeast.

Schistosity generally parallels

✓

layer boundaries.

Exceptions include the hinge zones of

isoclines, where schistosity is continuous across contacts
between schist and sheared granites, and outcrops of the

63
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western one-third of the study area where a faint schis
tosity dips eastward at varying angles from 0 to 90
degrees.
Lithologic contacts are generally sharp and distinct.
Mineralogical changes at schist/granodiorite contacts
include an increase in biotite, sphene, and opaque mineral
content is schist layers and an increase in opaque mineral
content and a slight decrease in anorthite content of
plagioclase in granodiorite layers.
The layers likely represent magmatic injections into
amphibolite-grade metamorphic host rock along planes of
anisotropy.

Later, voluminous intrusion may have

re-oriented these strata, and was accompanied or followed
%

by development of the mylonite zone.

Shear planes were

controlled by the orientation of layering.

These features

developed during the later stages of evolution of the
Bitterroot dome, with a significant portion of the later
stages of rise of the dome being vertically non-uniform.
Late-stage effects of vertical rise may be retrograde
metamorphism and high-angle faulting.
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APPENDIX A
MODAL ANALYSES OF VARIOUS
ROCK TYPES FOUND IN
CHAFFIN CREEK CANYON

65

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

66

APPENDIX A
BIOTITE SCHIST
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APPENDIX A
(continued)
QUARTZOFELDSPATHIC ORTHOGNEISS
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APPENDIX A
(continued)
NON-MYLONITIC INTERIOR
261A

80D

80FA

80FB

80L

quartz

27

25

33

31

29

plagioclase

49

49

42

44

46

composition of
plagioclase

An27

An24

mymekitic
plagioclase

tr

potassium
feldspar

An

An« •?

An30

tr

tr

tr

tr

17

18

20

23

19

4

tr

4

2

3

tr

tr

chlorite

1

5

opaque
minerals

1

biotite
muscovite

Z /

23

-

tr

tr

tr

tr

tr

tr

tr

tr

-

tr

tr

-

apatite

-

zircon

tr

tr

tr

tr

tr

-

-

tr

tr

tr
tr

sericite
rutile
allanite
hornblende

tr

tr

tr

tr

-

-

-

-

_

—

—

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX A
(continued)
ZONE OF WEAK MYLONITIZATION
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APPENDIX A
(continued)
ZONE OF WEAK MYLONITIZATION
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APPENDIX A
(continued)
ZONE OF STRONG MYLONITIZATION
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Key to symbols
quartzofeldspathic orthogneiss
b io tite schist

Jj|i||

non-mylonitic in terio r
zone of weak mylonitization

□

zone of strong mylonitization

pack tra il
access road
s

strike and dip of foliation

s

trend and plunge of mineral lineations
fault
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